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Reply:
We welcome the opportunity to comment on the correspondence
from Dr. Rapp et al regarding the presence or absence of oxybenzone
in the Soltan facial cream that we used in our publication
(Schallreuter et al, 1996). The Beiersdorf group have raised several
points already posed in a previous letter to the editor by Dr.
Santoro from Sigma Chemical Company. Even though Soltan facial
cream lists oxybenzone as an ingredient we agree with Dr. Rapp
that oxybenzone is absent from recent commercially available
formulations; however, the preparation we purchased in 1995
did contain oxybenzone as proved by high performance liquid
chromatography analysis (see reply to Dr. Santoro’s letter). The loss
of the phenyl ring breathing band at 1000 cm–1 in the latter
formulation must be accounted for by pi–pi interactions with other
aromatic compounds in the Soltan cream. In our opinion the
addition of 3% oxybenzone to recent formulations of Soltan facial
cream would exceed the pi–pi saturation by methoxycinnamate and
especially by methoxydibenzoyl methane (2.8%), yielding the
increased band for free oxybenzone at 1000 cm–1, whereas in the
formulation that we used the concentration of oxybenzone was
significantly lower than the other aromatic sunscreens present.
Since our paper was published in 1996, oxybenzone appears to
have been removed from Soltan facial cream even though it is still
listed as an ingredient.
The most important point raised is the stability of oxybenzone
to ultraviolet irradiation. The photoreduction of aryl ketones
substituted at position 2, as in the case of oxybenzone, is well
established and occurs via intramolecular hydrogen abstraction, as
well as by intermolecular processes, by H-donors such as
ethylenediamine tetra-acetic acid (Fig 1; Wayne and Wayne, 1996).
Ethylenediamine tetra-acetic acid is a common ingredient of sun
protection formulations. We have reported recently several
experiments showing the instability of oxybenzone to ultraviolet
irradiation yielding semiquinone radical intermediates.1 The poster
presented by Heinsohn et al clearly shows 7.7% photodegradation
of a 5% solution of oxybenzone by 4 h simulated midday sun. This
photoreduction represents 20 3 10–3 M photogenerated highly active
electrophile.1 This concentration could be dangerous to the viability
1Moore J, Ko¨rner C, Hibberts NA, Wood JM, Schallreuter KU: Direct
evidence for oxidation of oxybenzone in the human epidermis. J Invest
Dermatol 108:666, 1997 (abstr. 770).
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To the Editor:
Ultraviolet B (UVB) is a causative factor of sunburn cell (SBC)
formation and epidermal hyperplasia. We have shown that an increase in
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sunburn cell.
Figure 1. Mechanisms for the generation of electrophiles by intramolecular
and intermolecular processes catalyzed by UV-mediated homolytic cleavage
of the phenolic O–H and C–H bonds, respectively, followed by H-
atom abstraction.
of melanocytes due to the oxidation of the pterins to 6-biopterin,
by semiquinone radicals, which has been shown to be cytotoxic to
melanocytes with LD50 5 10
–7 M (Schallreuter et al, 1994).1
The generation of 20 3 10–3 M electrophiles cannot be ignored
because concentrations in this range are high at the cellular level
and are therefore potentially harmful.2
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2Since our reply was submitted for publication Hayden et al have studied
the systemic absorption and oxidation of topically applied oxybenzone (Lancet
350:863–864, 1997). Urinalysis yielded 2,3,4,tri hydroxy-benzophenone and
2,4,dihydroxy-benzophenone representative of 2% of the topically applied
sunscreen. These electrophiles undergo oxidation and form Michael addition
conjugates. The authors state ‘‘It would be prudent not to apply oxybenzone
to large surface areas of skin for extended and repeated periods of time.’’
metallothionein (MT) synthesis induced by cadmium (Cd21) treatment
suppresses UVB-mediated SBC formation in mouse skin and enhances
UVB resistance in cultured keratinocytes (Hanada et al, 1991a), because
MT is a cysteine-rich protein with scavenging activity (Thornalley and
Vasak, 1985) that is readily inducible by exposure to heavy metals,
including Cd21; however, there has been no clear evidence for cellular
localization of Cd21-induced MT in keratinocytes.
In order to understand the details of the photoprotective mechanism
in Cd21-treated keratinocytes, the present study was designed to
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Figure 1. Indirect immunofluorescence staining for metallothionein
shows translocation into the nucleus. Rat keratinocytes were grown in a
culture medium containing 10 µM Cd21 for 24 h. (A) Before UVB irradiation,
indirect immunofluorescence of metallothionein shows a fibrous pattern in the
cytoplasm. (B) Twelve h after UVB irradiation, strong fluorescence intensity is
shown in the nucleus with a diffuse pattern. Scale bars, 40 µm.
confirm the cellular localization of MT, and to determine the time
course of MT protein after exposure to UVB using microcyto-
fluorometry.
For cell cultures, germ-free rat keratinocytes in tissue culture
chambers, each containing four wells, were used. Northern analysis
with human MT-IIa cDNA in the rat keratinocytes after 24 h of
incubation with 10 µM Cd21 expressed the characteristic 0.5-kb MT
mRNA (data not shown).
Immunofluorescence (IF) for MT in the cytoplasm and nucleus was
observed with an epifluorescence microscope equipped with a system
for quantifying the fluorescence. Six chambers were prepared in which
the cultured cells had been preliminarily exposed to 10 µM Cd21 for
24 h. Because our preliminary data had shown a cell survival rate of
,90% at a dose of 50 mJ UVB per cm2, the cells were irradiated with
UVB light with a single dose of 40 mJ per cm2 in phosphate-buffered
saline solution. The procedures used for cell culture and UVB irradiation
have been previously reported (Ota et al, 1996). Immediately after
exposure to UVB, the irradiated cells were incubated again in the
culture medium. Before culturing and at 30 min, 6 h, 9 h, 12 h, and
24 h after culturing, the samples were fixed in ethanol at –20°C until
required for examination of IF. The cells were incubated with mouse
anti-MT monoclonal antibodies (diluted 1:200) for 1 h, and then with
fluoroscein isothiocyanate-labeled sheep anti-mouse IgG antibodies
(diluted 1:200) for 2 h.
Before UVB irradiation, the Cd21-treated cells showed strongly
positive IF for MT in the cytoplasm (Fig 1A), which was organized
into a diffuse or granular pattern. UVB irradiation resulted in depletion
of specific IF for MT in the cytoplasm, and an increased positive
response in the nucleus as early as 9 h and more clearly 12 h, with
localized patterns of MT organized in bright aggregates (Fig 1B). At
24 h after UVB irradiation, positivity was observed in both the nucleus
Figure 2. Microcytofluorometry reveals an inverse relationship between
fluorescence intensity of the cytoplasm and that of the nucleus. The
time courses of metallothionein-specific immunofluorescence in the cytoplasm
and nucleus were examined. Immediately after (***p , 0.001) and 30 min
after (**p , 0.01) UVB irradiation, the cytoplasm showed a stronger intensity
than the nucleus. Nine hours (**p , 0.01) and 12 h (***p , 0.001) after UVB
irradiation, immunofluorescence in the nucleus exceeded that in the cytoplasm.
Intensity of immunofluorescence is expressed as mean 6 SD (n 5 20). Statistical
significance of differences between cytoplasm and nucleus is assessed by Student’s
t test (**p , 0.01; ***p , 0.001).
and the cytoplasm. Quantitative analyses by microcytofluorometry
showed a relatively inverted pattern of IF intensity between the
cytoplasm and the nucleus immediately after and 30 min, 9 h, and 12 h
after exposure to UVB (Fig 2). The cells that were not exposed to
Cd21 or UVB showed no significant IF for MT, and the cells exposed
to Cd21 alone showed a positive response for MT in the cytoplasm,
but were negative in the nucleus.
There is considerable evidence that reactive oxygen species may be
responsible for SBC formation (Mathews-Roth, 1986). In vivo studies
of mouse skin have shown that systemic administration of β-carotene,
α-tocopherol, and ascorbic acid decrease the quantity of UVB-mediated
SBC formation. We have shown that a larger quantity of SBC was
found when hairless mice received oral treatment with buthionine
S,R-sulfoximine, an irreversible inhibitor of γ-glutamylcysteine synthe-
tase, to deplete cellular glutathione, including cysteine (Hanada et al,
1991b), and that in contrast, reduction of SBC formation was evident
in animals that received esterified glutathione, which permeates easily
into skin tissues (Hanada et al, 1997). These data strongly suggest that
reactive oxygen species generated by UVB irradiation (Ogura et al,
1991) are responsible for DNA injury, resulting in SBC formation in
mammalian keratinocytes. Therefore, we believe that Cd21-induced
MT with anti-oxidant activity is able to prevent UVB injury.
The present study revealed transitional subcellular expression of the
cytosol protein in the nuclei of rat keratinocytes after UVB irradiation.
MT in the nucleus of rat keratinocytes is thought to protect DNA
against oxidative damage caused by UVB through its anti-oxidant
capacity, or to activate gene-related cell proliferation by providing zinc
ions through its metal binding property, as has been proposed in
hepatocytes (Tohyama et al, 1993). The mechanism of MT translocation
into the nucleus in response to UVB irradiation is unclear. Two models
are commonly considered (Tohyama et al, 1991). First, molecules
smaller than 20 kDa can freely enter the nucleus by diffusion and
become equilibrated between the nucleus and the cytoplasm. Second,
certain proteins are selectively translocated, possibly through nuclear
pores that allow globular proteins of up to 70 kDa to enter the nucleus.
Because the molecular mass does not exceed 7 kDa, it is reasonable to
assume that it enters the nucleus; however, this does not explain our
finding that MT was significantly localized in the nucleus after UVB
irradiation even when its concentration was not high in the cytoplasm.
These results may negate the first hypothesis and support the notion
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that the nuclear translocation of MT can be explained by other
mechanisms.
Our present study suggests that the mechanism responsible for UVB
resistance caused by Cd21 treatment in vivo and in vitro is, at least in
part, due to the reactive oxygen species-scavenging activity of MT in
the nucleus. Further studies should be designed to clarify the mechanism
of nuclear translocation of MT induced by UVB irradiation in Cd21-
treated keratinocytes.
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